A new class of iron(n) and cobalt(n) complexes with neutral, tetradentate bis(pyridylimine) chelate ligands bridged by a chiral 6,6' -dimethylbiphenyl backbone has been synthesized. Their dihalogen derivatives gave spectral, magnetic and X-ray diffraction results in agreement with a CTsymmetric, approximately octahedral geometry with cis-positioned halide ligands and high-spin d-electron configuration. lH NMR signals of these paramagnetic complexes were assigned by correlating line widths with reciprocal proton-metal distances. Methyl substitution in 6-position of the pyridyl
Introduction
Complexes of late transition metals such as Pd, Ni, Fe, or Co are interesting targets for olefin polymerization catalysiS, [1, 2] none the least since these catalysts are relatively tolerant towards polar substrates and might thus allow copolymerization of a-olefins with polar monomersY] Ironbased catalysts in particular have shown activities for ethene polymerization which are comparable to those of the most active group(IV) metallocene catalysts. The excellent stereoselectivity of metallocene-catalyzed propene polymerization, [4] however, is still lacking for late transition metal catalysts. Low-temperature polymerizations have afforded polypropene with only partially syndiotactic or isotactic microstructures induced by chain-end stereocontrol,l5]
Most iron-or cobalt-based polymerization catalysts employ symmetric tridentate pyridyldiimine ligands, which form C 2v -symmetric bipyramidal complex species with homotopic coordination sites (Scheme 1).[1e,2e] Enantiotopic coordination sites, as required for olefin insertion under catalytic-site control, might be obtained by use of axially chiral, tetradentate ligands, from which Crsymmetric octahedral complexes would be generated on coordina- [ tion to MX 2 (Scheme 1). Chiral complexes with two N ligand atoms have previously been applied in enantioselective homogeneous catalysis. [6] Here we report on the synthesis of chiral Fell and COIl complexes with Crsymmetric, bianiline-bridged tetradentate nitrogen ligands, and on the properties of these complexes in homogeneous olefin polymerization.
ethanol at room temperature [Equation (1)]. Ligand 1 was reacted directly, without prior isolation, with iron(n) chloride (vide infra). Reaction of 5 with 2-acetylpyridine, be it in ethanol, methanol or dichloromethane with catalytic amounts of acetic, formic or hydrochloric acid, or in benzene over molecular sieves or in diethyl ether/pentane mixtures in the presence of excess TiC1 4 , did not afford the desired ligand 6. Refluxing a toluene solution of 5 and 2-acetylpyridine with a catalytic amount of p-toluenesulfonic acid in a Dean-Stark apparatus, however, yielded after three days a mixture which contained, apart from the starting materials, N,N' -(6,6' -dimethylbiphenyl-2,2' -diyl)bis[l-(2-pyridyl)ethane]diimine (6), in ca. 45% yield as determined by 1 H NMR spectroscopy. This reaction mixture was used without purification for further complex syntheses. Reaction of FeC1 2 or FeBr2 with the dipyridyldiimine ligands 1, 2, or 6 in THF afforded, after evaporation of solvent and extraction with CH 2 Cl 2 , the blue to turquoise iron(n) complexes 7-10 [Equation (2)]. [8] Since 7-10 were found to be insoluble in non -chlorinated solvents, excess ligand (and starting materials of the ligand synthesis in the case of 6) was removed by washing with diethyl ether and pentane to yield analytically and spectroscopically pure products. The light brown cobalt(n) complex 11 was obtained by an analogous reaction of CoC1 2 with 2. Single crystals of the dichloro complexes 8 and 11 were obtained by layering their dichloromethane solutions with pentane or toluene, respectively. The complexes are isostructural and crystallize in the monoclinic space group C2/c 1072 with cell constants deviating by less than 0.2 A and less than O.so ( Figure 1 , Table 1 ). The distorted octahedral complexes' with cis-positioned chlorine atoms, both possess crystallographic Crsymmetry. Co-N bonds are approximately 0.05 A shorter than their Fe-N counterparts (Table 1) , presumably a consequence of higher nuclear charge and more strongly contracted metal d-orbitals of cobalt. Fe-N distances are within the range generally observed in neutral, octahedral iron complexes. [9] The bond angles LNl-M-Cll, LN2-M-Cll and LN2-M-CllA (M = Fe, Co) at each of the metal centers deviate by less than 2° from each other and from the value of 90° expected for octahedral coordination. The bite angles of the twisted seven-membered chelate ring, LNl-M-NlA = 73-74°, and of the five-membered chelate rings, LNl-M-N2 = 73-74°, however, are both significantly smaller than 90° and lead to a distortion of the octahedral coordination, i.e. to an opening of the angle LCll-M-CllA to a value of 110-112° (Table 1 ). Due to the twisted bianiline backbone, the planes formed by Nl, NlA, and M and by M, Cll, and CllA deviate from each other by 26-28°. (Figure 2 ), in agreement with a time-averaged Crsymmetric complex geometry. Based on the observed signal intensities, the resonance at b = -6.72 ppm is clearly identified as being due to the methyl groups.
Since no signal above b = 120 is displayed in the NMR spectrum of complex 10, which contains, instead of the aldimine ligand 2, the analogous ketimine ligand 6, we can conclude that the resonance of complex 8 at b = 180 ppm must be due to its aldimine protons.
Assignments of further signals are based on their relative line widths: Up to a distance of ca. 5 A from the metal center, relative line widths of two nuclei A and B depend reciprocally on the ratio of their distances from the metal center, v2(A)/v2(B) = (d~dA)6. [11] The remaining signals can thus be assigned as shown in Figure 2 and Table 2 . 1 H NMR spectra of complexes 7 and 9-11 in CDC1 3 solution, which are likewise in agreement with timeaveraged C 2 symmetry, were assigned in a manner similar to that used for 8 (see Exp. Sect.). Complexes 7, 9, and 10, for which crystal structure determinations are not available, could in principle adopt the Crsymmetric geometries indicated by their IH NMR spectra with their two chlorine ligands either in trans-or in cis-configuration. In order to ascertain, whether these complexes have the same cis-halide geometry as found for 8 and 11, we have characterized these complexes also by their far-infrared vibrational spectra. ( Table 3 ) four medium to strong vibrations are observed between ca. 180 and 350 cm-I . [13] We assign these bands, which are absent in the IR spectrum of the free ligand 2, to metal-N vibrations. 8 and 11 c. f. [13] 223 (s)
Two further strong peaks are observed at 244 and 144 cm-I for complex 8 and at 174 and 104 cm-I for its dibromo homologue 9. The 1.4: 1 ratio of these wavenumbers, which is close to the theoretical value of 1.5 estimated from the ratio of reduced masses of Fe-Cl and Fe-Br, supports the assignment of these bands to the symmetric and asymmetric stretching modes of a cis-FeX2 unit. The Co-Cl vibrations of 11 were found at 242 and l35 cm-I , as expected only slightly below those of 8. Analogous assignments hold for 7 and 10. Complexes 7-11 thus all contain cis-coordinated halogen ligands in the solid state.
While the chiral, Crsymmetric complexes 7-11 have the cis-positioned homotopic sites required for enantioselective olefin insertion, substituents bigger than hydrogen would be desirable in the 6-positions of the pyridine rings, so as to transfer the axial chirality of the biphenyl backbone most effectively to the coordination sites of the complex (Figure 3) .
In order to obtain a homologue of complex 8 with methyl substituents in both pyridyl 6-positions, FeC1 2 was reacted with ligand 3. Reactions in THF yielded 12·THF as a brown solid. The same product, without THF, was obtained from reactions in CH 2 Cl 2 . In contrast to complexes 7-11, complex 12 gives a IH NMR spectrum with only three broad signals centered at b = 3.45, -4.91, and -11.39.
Only two strong and one medium vibration at 367, 319, and 268 cm-I , respectively, are apparent in its far-infrared spectrum, again in contrast to complexes 7-11, where four M-N and two M-X vibrations have been observed. The Crsymmetric geometry found for these complexes is thus unlikely to be adopted by complex 12.
1074 Figure 3 . Front view of complex 8 (left) and of a putative Fe-polymeryl TC complex (right) with propene coordinated by its disfavored enantioface (biphenyl bridge omitted for clarity)
The only useful structural clue is derived from SQUID measurements, which yielded for complex 12 an effective magnetic moment of f.1eff = 3.41 f.1B, indicative of 2-3 unpaired electrons, i.e. of a configuration with partly paired electron spins. The ligand field separation !1E = 10 Dq of the octahedral complexes 7-11 is clearly insufficient to induce any spin pairing, and the same holds, a fortiori, for tetrahedral or trigonal bipyramidal geometries ( Figure 4 ). The only plausible coordination geometry, which would be in agreement with the partial spin pairing observed for 12, is that of a square pyramidal complex, e. g. of a species [(3) FeCWCl-, in which one of the chloride ligands has been eliminated from the metal center due to steric repulsions by the methyl-substituted pyridyl ligands. To reach a square pyramidal geometry, at least three of the four N ligand atoms must be positioned in the square base plane of the complex (Scheme 2). Rearrangements between alternative connectivities, which are likely to occur quite rapidly, as well as chloride dissociation and re-association equilibria would plausibly explain the observed broadening of the NMR signals of 12. [14] octahedron square trigonal pyramid bipyramid tetrahed ron In order to obtain also bona-fide low-spin complexes with the bianiline-bridged ligand framework under consideration, complex 8 was reacted with methylmagnesium chloride [Equation (3)]. The diamagnetic dimethyl complex 13 was obtained from this reaction as a brown powder. [16] Its I H NMR spectrum revealed a CI-symmetric geometry in solution. The same geometry was also found for its counterpart with isocyanide instead of methyl ligands. This sec-
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Scheme 2. Structure proposed for complex 12 ond low-spin derivative, the orange-red complex 14 was obtained by reaction of complex S with two equivalents each of AgOTf and tert-butyl isocyanide [Equation (3)]. [17] The IH NMR spectrum of 14 (see Exp. Sect.) confirmed the coordination of two isocyanide ligands, and indicated, again, a C1-symmetric geometry.
This structural assignment is supported by the results of an X-ray diffraction study ( Figure 5 , Table 4 ): In the cationic diisocyanide complex 14, three of the four N ligand atoms reside in one meridional plane; in the second meridional plane, one of the pyridyl moieties and the two tertbutyl isocyanide ligands are coordinated to the iron center. [18] e11 Figure 5 . Crystal structure of the complex cation 14; hydrogen atoms, triflate anions and co-crystallized solvent omitted for clarity, thermal ellipsoids drawn at the 50% probability level
The overall C 1 symmetry of this complex appears to be stabilized by one or more of the following factors: Close 95.7(2) CI4-N4-CI5 175.4(7) NI-Fe-CI9 92.5(2) CI9-N3-C20 167.8 (5) adherence to idealized octahedral geometry and a shortening of the Fe-N bonds, which is presumably required by the low-spin configuration of 14, is more easily adopted by a C 1 -than by a Crsymmetric geometry, as indicated by the ligand-metal-ligand bite angles in 14 (Table 4) , which are much closer to 90° than those of the Crsymmetric complex S (Table 1 ). In addition, the pyridyl ligands are likely to prefer a cis over a trans arrangement in order to utilize different d orbitals for backdonation. A possible preference of isocyanide ligands to coordinate trans to pyridine, finally, can be satisfied, for at least one of the isocyanide ligands, only in the C1-symmetric geometry shown in Figure 5 . (Table 5 ). In analogous experiments with complexes 10 and 12, no polymer was obtained although these experiments followed a protocol which had proven successful for complex 8. [a] Reaction conditions: 120 mL of toluene; reaction time, 4 hours; 1-5 min. pre-incubation with cocatalyst.
[b] Trityl (perfluorotetraphenyl)borate (1 equiv.) and triisobutylaluminum (0.5 mL).
Conclnsions
The results described above indicate that complex 8 undergoes some transformation upon exposure to MAO; this does not lead to an active species, capable of inducing catalytic olefin polymerization, however, when the reaction is conducted in homogeneous solution. "While no direct clues indicate the nature of the green species formed under these conditions, we can surmise, in analogy to results obtained with related reaction systems, [23] that metal alkyl cations of the type N 4 FeMe+, most likely stabilized by uptake of a MAO-derived AIMe3 unit, dominate in these solutions and would thus be responsible for the strongly red-shifted UV/ Vis absorption of these reaction systems. If indeed present in these solutions, these species are obviously not capable of inducing chain growth by olefin insertion. Their 16-valence electron configuration is apparently not sufficiently electron-deficient to coordinate and insert an olefin substrate, in distinction to related 14-electron cations of the type N 3 FeMe+, which are considered to be catalytically active in MAO-activated Fell pyridyldiimine systems, !23] The reaction of MAO with solid particles of complex 8, on the other hand, seems to favour some other reaction paths, most likely some intermolecular ligand exchange reaction. Formation of the viscous, tarry product is likely to arise from a transfer of some of the N ligand atoms, e. g. of a pyridyl moiety, from one complex molecule to another, such that the resulting oligomeric or polymeric complex species now contains metal centers, which are coordinated to less than four N ligand atoms. More likely than not, such 1076 a reaction would lead to a collection of different coordination patterns each with its own catalytic property, rather than to a unique complex geometry.
In accord with this assumption, a gel-permeation chromatography (GPC) analysis of the polyethene samples obtained from runs 10-12 reveals in all cases a molecular mass distribution with three distinct fractions (see Supporting Information) with M" values of 130-180 (Mw/M" = 1.25), ca. 3600-7000 (Mw/ M" = 1.7) and ca. 160000-320000 (M.) M" = 6.2-7.1), respectively. Clearly, several catalytic species contribute to chain growth in these reaction systems. The component with highest Mn is remarkably similar, in its mean chain length as well as in its rather broad molar mass distribution, to polyethene samples obtained with typical MAO-activated iron pyridyldiimine complexes, [lc,2d] in agreement with the assumption that some related catalyst species with reduced coordination number might be generated from complex 8 by the heterogeneous activation procedure described above. The observations presented here, in particular the lack of reactivity of any of our reaction systems vis-a.-vis propene, [21] let the probability of observing catalytic-site-controlled, stereoselective olefin polymerization by precatalyst structures of the type investigated in this report, appear rather remote.
Experimental Section
All preparations were performed under an argon atmosphere using standard Schlenk techniques. Solvents were dried prior to use by refluxing over and distillation from sodium (THF, hydrocarbons) or calcium hydride (dichloromethane). Deuterated solvents were dried over 4-A molecular sieves. All other chemicals were commercially obtained and used without further purification. Melting points were determined with a Sanyo-Gallenkamp MFB-600-0l0F thermometer, magnetic susceptibilities with a Quantum Design Superconducting Quantum Interference Device (SQUID) MPMS-XL5. NMR spectra were collected on Bruker AC 250 IT NMR or Bruker Avance DRX 600 spectrometers, IR spectra measured with a Perkin-Ehrler 2000 IT-IR spectrometer, either as KBr or polyethene (PE) pellets, UV spectra of 1.0 mM solutions in a I-em cuvette with a Varian-Cary 50 and mass spectra with Finnigan MAT 312 (El) or Finnigan AMD MAT 312/AMD 5000 (FAB) mass spectrometers. Elemental compositions were analyzed with an Elementar Vario EL device. Ligands 2 and 3 were prepared as de- To a solution of 5 (4.45 g, 21.0 mmol) in toluene (100 mL) was added 2-acetylpyridine (4.70 mL, 5.08 g, 41.9 mmol) andpara-toluenesulfonic acid hydrate (797 mg, 4.19 mmol). After refluxing the reaction mixture in a Dean-Stark aparatus for 3 days, the solvent was evaporated. The residue was suspended in 200 mL of diethyl ether, freed from solids by filtration and the solids washed with diethyl ether. The combined ether fractions were extracted with diluted sodium hydroxide solution (200 mL) and subsequently dried with MgS0 4 . After evaporation of solvent, a brown crude product was obtained (6.97 g), which contained, according to its lH NMR, 24% toluene, 6% 5, 12 % 2-acetylpyridine, 21 % of the mono condensation product, and 37% of 6. Attempted purification by 001-Ulllll chromatography on silica gel lead to decomposition of 6 to the starting materials. Since this crude ligand was suitable for complex formation, no further attempts were undertaken to purify it. Yield (calculated on 'H NMR basis) 2.58 g (6.16nnnol, 29%). 'H NMR (250 MHz, CDCI 3 , ppm): 0 ~ 2.14 (s, 6 H, 6-CH 3 
